11 Measurements have shown low levels of PCBs in water but relatively high concentrations in 12 the resident fish of the River Thames (UK). To better understand the distribution and 
environment. Recently, this approach has been successfully employed in lakes and rivers, 51 such as the Great Lakes on the Canada-United States border (Thompson et al., 1999 ) and the 52 Altamaha River and the Willamette River in the US (Kilic and Aral, 2009 ). Studies in Europe 53 exist for the western Baltic Sea (Wodarg et al., 2004) and the Venice Lagoon (Dalla Valle et 54 al., 2005) . But estimates on the levels of PCBs in the biosphere (fish) were not included in 55 any of these studies.
57
Given the extraordinary persistence of PCBs, it is worthwhile considering how climate 58 change might exert positive or negative influences on their fate. Previous studies forecasted 59 the possible influence of climate change on PCBs on the European (Paul et al., 2012) and 60 worldwide environments (Lohmann et al., 2007; Macleod et al., 2005) . Fate in a marine 61 environment was considered by Lamon et al. (2012b) , where the effects of climate induced 62 changes on sea currents, temperature, wind speeds, precipitation on the fate of PCBs revealed 63 temperature as one of the most influential. It was suggested the increase in temperature could 64 enhance the emissions of PCBs from primary and secondary sources and lead to alterations in 65 the rates of partitioning, volatilisation, degradation and reaction (Paul et al., 2012; Teran et al., 66 2012). Dalla Valle et al. (2007) suggested that future increases in temperature could reduce 67 PCB concentrations in the environment but enhance their potential for long range 68 atmospheric transport (LRAT) from the Venice lagoon (Dalla Valle et al., 2007) . The 69 influence of climate change on PCBs at river basin scale has not been extensively studied.
70
There is also a lack of knowledge on the interactions of fish with PCBs and with climate 71 change issues. properties (Creaser C.S. et al., 2007; Hope, 2008) . About 130 of them were produced 75 commercially. In this paper, three PCB congeners (PCB52, PCB118, and PCB153) were (Crossman et al., 2013 (Crossman et al., 2013) . The discharge in the river
104
Thames varies significantly with seasons, with relatively high flows in winter and lower 105 flows in summer (Crossman et al., 2013) . On average, the flow ranges from around 1.5m 3 /s at 106 the source at Cricklade, to about 37.5m 3 /s at Caversham and up to 65.5m 3 /s at Teddington 107 (Jin. et al., 2010; Johnson, 2010) . Jin et al. (2012) 
114
showing the major tributaries and sub-catchments (Crossman et al., 2013) Mackay et al. (1992) ; 141 b Dalla Valle et al. (2007) ; Paasivirta et al. (1999) ; 142 c Enthalpy of vaporization (Bamford et al., 2000; Kong et al., 2013) ; 143 d Activation energy for degradation of PCBs in air (Kong et al., 2013) ; 144 The level III fugacity model for the river Thames relies on two major sets of parameters: the 147 physic-chemical properties of the selected chemicals (Table 1) Project (Creaser C.S. et al., 2007) . However, only average values for rural and urban areas of
171
England were reported (Creaser C.S. et al., 2007) . The observed air concentrations of the 172 studied PCBs have been collected from the results of Toxic Organic Micro-Pollutants
173
(TOMPS) program (Schuster et al., 2010) . The PCBs values in Thames fish were collected 174 both from previous work (Jürgens et al., 2015; Yamaguchi et al., 2003) 
195 where E is the total emission rates and t is the year (2008< t <2100).
197

Change in climate with time
198
In order to estimate the influence of climate change issues on the fate of PCBs in the river derived from the random samples of UKCP09 database (Jin. et al., 2010) . In this study, the 211 average temperature, precipitation rate and river flows in the 2020s and 2080s were obtained 212 from Jin, Whitehead's predictions (Table 3) . These suggest some reduction in river flow with 213 warmer temperatures and higher evaporation rates playing an important role (Jin et al., 2012 ).
214
The current temperature and precipitation rate were supplied by the meteorological office and Table 3 ). The future 218 changes in wind speed and snow and ice cover were not addressed. Therefore, these factors 219 were assumed to be constant in the simulation of Scenario B. 
220
where ∂Y is the change of output value while ∂ ! is the variance in input parameter.
300
In this study, the analysis was carried out only for PCB52 as an indicator for the whole model 301 and PCBs. For PCB 52, temperature appeared to be the most important parameter that 302 determined its fate in the catchment (Table 5 ). The influence of other parameters was more 303 evident on only one or two compartments. Air residence time was the most influential 304 parameter on air concentrations. Soil concentration was found to be mainly influence by 305 temperature followed by degradation rate. In the river water, the most sensitive parameters 306 were sediment deposition and re-suspension. Sediment deposition and re-suspension also 307 have the biggest influence on the concentrations in fish. Degradation in sediment being the 308 most important parameter for the sediment concentration. values (Lamon et al., 2012b; MacLeod et al., 2002; Sweetman et al., 2002) (Table 5 ). The catchment system was then 204kg (Fig. 2) for PCB 52, 401kg for PCB 118, and 781kg for 345 PCB 153. These totals were distributed throughout the environmental compartments. In the 346 case for PCB 52, the amount in the environment was 0.59 kg in air, 170 kg in soil, 0.015 kg 347 in water and 33.7 kg in sediment (Fig. 2) . The corresponding capacities of each compartment for PCB 153) ( Table 6 ). The largest mass of PCBs being deposited in soil is due to its large 352 volume (capacity), with this compartment covering about 99.8% of the catchment area.
311
354
The river bed-sediment was predicted to be the most important sink/source within the river.
355
PCBs are hydrophobic, and PCBs that are released into the water would be expected to 356 partition strongly to suspended sediment which would subsequently fall out of suspension to 357 become bed-sediment. River bed-sediment is predicted to be responsible for 3-17% of total
358
PCB in the catchment (Table 6 ). The model estimates the highest concentration and fugacity The major contributors to the loss of PCBs from the catchment include advections (loss by air 369 and water outflows) and degradation. The advective outflows accounted for about 74-97% of 370 the total losses of the chemicals while degradation in different compartments accounted for 371 the rest. To reveal the response of the catchment system to changing input, the corresponding 372 characteristic time VZ/D was evaluated, where D is the transfer coefficient (Mackay, 2001;  to air evaporation, soil runoff to water and degradation. For PCB 52, the corresponding time 375 for evaporation to air was 1280 years, for runoff to water is 700 years and for degradation in 376 soil is 14 years. Therefore, degradation is the most important loss process for the chemical in Therefore, the exchange is rapid and the chemicals will approach equilibrium within a short 382 time . The response times for PCB 52 in the catchment system were The trend over the simulation periods was for a net loss of all the studied PCBs from the 387 catchment (Fig. 3) . The major factor influencing the changing flux of PCBs in the catchment 388 was the dramatic drop in the primary emissions. As the primary emissions decline, the re- The overall influence of climate change on PCBs fate does not appear to be dramatic (Fig. 3) .
404
The largest influence was on concentrations in soil, probably due to the faster evaporation 405 and degradation rates with the influence of increased temperature (Harner et al., 1995) 
